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A catalytic enantioselective desymmetrization of meso-N-(heteroarenesulfonyl)aziridines with TMSN;
using chiral Lewis acids afforded products with high enantioselectivity. As proof of the utility of this
procedure, the precursor of selective k-opioid agonist (1S,25)-(—)-U-50,488 was synthesized.
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Optically active vicinal diamines are very important compounds
for the synthesis of natural compounds and stereoselective cata-
lysts. Furthermore, vicinal diamine compounds have demonstrated
arange of bioactivity that includes antiparasitic [e.g., (R)-praziquan-
tel, oxamniquine],! anticancer [(—)-quinocarcin],? and protease
inhibitory activity.>* Therefore, the stereoselective synthesis of chi-
ral vicinal diamine compounds has received considerable atten-
tion.> One of the most efficient methods for the synthesis of chiral
vicinal diamine precursors is the catalytic enantioselective desym-
metrization of meso-aziridines with azide compounds. This type of
reaction affords chiral B-aminoazides, which can be easily con-
verted to chiral vicinal diamines. Although there are many reports
on the enantioselective desymmetrization of meso-aziridines with
various nucleophiles,® this type of reaction with azide compounds
is still rare.” Jacobsen and co-workers pioneered the highly enantio-
selective desymmetrization of aziridines with TMSN3 by using a
chiral chromium catalyst (up to 94% ee).”® Recently, Shibasaki’®
and Parquett’?® reported that the ring-opening reaction of N-(4-
nitrobenzoyl)aziridines with TMSN3 using different chiral yttrium
catalysts gave products with high enantioselectivity. Antilla and
co-workers demonstrated that chiral phosphoric acids could be
used for the ring-opening reaction of aziridines.”® Despite the
impressive progress achieved in this reaction, expanding the scope
of catalytic enantioselective desymmetrization of aziridines with
respect to both the chiral catalyst and the substrate would be highly
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desirable. Although the N-sulfonyl group certainly enhances the
reactivity of the ring-opening reaction of aziridines to attack an
azide, to our knowledge, there are no reports on the enantioselective
desymmetrization of N-(arenesulfonyl)aziridines with an azide.
Recently, we® and others® have developed novel bifunctional coor-
dinative heteroarenesulfonyl groups whose conformations and
reactivities can be controlled by chelation with chiral Lewis acids
or organocatalysts. Herein, we report the catalytic enantioselective
desymmetrization of meso-aziridines having a heteroarenesulfonyl
group with TMSNj3 using chiral Lewis acids prepared from commer-
cially available bis(oxazoline) ligands (Fig. 1).

We examined the enantioselective desymmetrization of
meso-N-(heteroarenesulfonyl)aziridines 1a-g'° by using a catalytic
amount of chiral Lewis acids prepared from various bis(oxazoline)s
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Figure 1. Catalytic enantioselective ring-opening reaction of meso-N-(2-pyr-
idinesulfonyl)aziridines with TMSN3.
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Table 1
Enantioselective desymmetrization of N-(heteroarenesulfonyl)aziridines 1a-g with
TMSN3 in the presence of various chiral Lewis acids®

1) Mg(NTf2) a:R = p-TolylSO,
2) e %) A NHR R e
= 2
O:N—R Q dR = 6-Me-2-PyridylSO,
CHClj, rt N3 €:R = 2-ThienylSO,
1a-g 2a-g f: R = 2-PyridyICO
g:R = 2-PyridylCH,

=
O\”><WO O\|\><f\o),.,, o &o
</N v NN/ YD
R? R? / g/N N~/
Ph Ph
3:R?=Ph
4:R?=tBu
Run 1 Ligand 2 Yield (%) Ee® (%)
1 1a 3 2a Trace —
2 1b 3 2b 98 70(S)
3 1c 3 2c 67 60
4 1d 3 2d 63 85(S) (99)°
5 1e 3 2e Trace —
6 1f 3 2f 99 11
7 1g 3 2g Trace —
8 1d 4 2d 12 0
9 1d 5 2d 52 39
10 1d 6 2d Trace —

2 Mg(NTf,), (0.1 equiv), bis(oxazoline) (0.2 equiv), and TMSN; (3.0 equiv) were
used.

b Ee was determined by HPLC analysis using chiral columns.

¢ Ee obtained after single recrystallization from toluene is shown in parenthesis.

3-6 and Mg(NTf;),. The results are shown in Table 1. The reaction
of N-(p-toluenesulfonyl)aziridine 1a with TMSN3 using Mg(NTf;),/
Box-Ph 3 as a chiral Lewis acid catalyst did not afford product 2a,
whereas N-(2-pyridinesulfonyl)- and N-(8-quinolinesulfonyl)aziri-
dines 1b, c afforded products 2b, ¢ with good enantioselectivity
(entries 1-3). Interestingly, N-(6-methyl-2-pyridinesulfonyl)aziri-
dine 1d showed higher enantioselectivity than 1b (entry 4). The
reaction of N-(2-thiophenesulfonyl)aziridine 1e did not afford
product 2e in good yield (entry 5). The reaction of N-picolyl- and
N-pyridylmethyl-substituted aziridine 1f, g did not afford good
results (entries 6 and 7). After optimization of chiral Lewis acids
derived from other Box ligands such as Box-tBu 4, indaBox 5, and
Pybox 6, we found Mg(NTf,),/3 to be an efficient chiral Lewis
acid for asymmetric desymmetrization of 1d (entries 8-10).1112
Recrystallization of (S)-2d (85% ee) from toluene afforded enantio-
merically pure (S)-2d (entry 4).

With these optimized condition, the ring-opening reaction of
1h, i afforded the products 2h, i in good yield with moderate
enantioselectivity, although the reaction of 1j did not afford the
product 2j (Scheme 1). Furthermore, acyclic aziridine 1k using
Mg(NTf;),/3 afforded product 2k in high yield with good enanti-
oselectivity .

To assess the synthetic potential of this stereoselective prepara-
tion of chiral vicinal diamines, we tried to prepare U-50,488, which
has been reported to be a highly selective k-opioid agonist free
from the adverse side effects of pi-opioid agonists like morphine.!?
The pharmacological activities of U-50,488 are related to the con-
figuration of its stereogenic centers. (1S,2S)-(—)-U-50,488 exhibits
greater K agonist activity than its enantiomer and cis diastereo-
mers.'* Therefore, the stereoselective synthesis of (1S,2S)-U-
50,488 is important. However, to our knowledge, there is no report
on the enantioselective synthesis of U-50,488 through the catalytic
enantioselective ring-opening reactions of aziridines.!® Reduction
of azide group of 2d by triphenylphosphine yielded N-sulfonylated
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Scheme 1. Enantioselective ring-opening reaction of Th-k.
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Scheme 2. Synthesis of (1S,25)-U-50,488.

diamine 7, which was successfully alkylated by 1,4-dibromobutane
to give the pyrrolidine derivative 8 in high yield (Scheme 2).!°
The sulfonamide group of 8 was protected by Boc,0, after which
the 6-methyl-2-pyridinesulfonyl group was removed by magne-
sium in MeOH'” to give the N-Boc amide 10 in high yield. The
N-Boc amide 10 would be transformed to enantiomerically pure
U-50,488.152

The enantioselective desymmetrization of N-(2-pyridinesulfo-
nyl)aziridines 1b, d with TMSN5 gave products 2b, d in good yield
with good enantioselectivity, whereas the reaction of N-(p-tolu-
enesulfonyl)aziridine 1a did not afford the product. This result
shows that the 2-pyridinesulfonyl group acts as an efficient
activating group. Assuming that Mg(Il) forms a tetrahedral
bidentate-coordinating complex with the substrate,'® the pre-
sumed structure of most reactive complex 1d-Mg(Il)/3 is shown
in Figure 2, where two Box nitrogens, one pyridyl nitrogen, and
aziridine nitrogen coordinate to Mg(II). In this structure, the pyri-
dyl group in 1d plays an important role in stabilizing the chelation
structure. Thus, TMSN3 approaches aziridine avoiding steric repul-
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Figure 2. Presumed reaction model of 1d-Mg(Il)/3.

sion with the phenyl group in Box-Ph 3, therefore (15,25)-2d is
preferably formed.

In conclusion, the enantioselective desymmetrization of N-(2-

pyridinesulfonyl)aziridines in the presence of Mg(NTf,),/3 afforded
chiral B-aminoazides with good enantioselectivity. The 2-pyr-
idinesulfonyl group works as an efficient activating group for the
ring-opening reaction of aziridines. To our knowledge, this result
is the first example for the enantioselective desymmetrization of
N-(arenesulfonyl)aziridines with an azide. As a proof of the
utility of this procedure, the precursor of enantiomerically pure
(15,25)-(—)-U-50,488, which is a selective k-opioid agonist, was
synthesized.
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